Furanoeremophilan-10β-ol, a major component of Ligularia cymbulifera growing in northwestern Yunnan Province of China, reacted with pyridoxal or its 5'-phosphate at room temperature in aqueous solution to afford condensation products. It is plausible that the reaction also occurs in nature.
L. cymbulifera is one of the most predominant species in the Zhongdian area [2, †] . The species has no intra-specific diversity, producing furanoeremophilan-10β-ol (= tetradymol; 1) as a major component, which comprised one third of the AcOEt extract [10] . Compound 1 was first isolated as a toxic component from Tetradymia glabrata [11] and showed a moderate hepatotoxicity against several animals [11] . We previously demonstrated that the reaction of 1 with either N-ethyl or N-phenylmaleiimide was faster than that of other furanoeremophilanes [10] . Ehrlich's color reaction [12, 13] of 1 was also much faster than that of the other furanoeremophilanes, which we did not mention in the previous report. These facts led us to hypothesize that 1 is a defense material through reaction with electron deficient compounds. Based on this background, we initiated a study of the reaction of 1, and here we report that the compound reacts with pyridoxal (vitamine B 6 ) without any catalyst.
In the present study, three furanoeremophilanes, furanoeremophilan-10β-ol (1), -6β-ol (= ligularol or petasalbin; 2), and its acetate (3) [14] were used as the substrates. Compound 1 was isolated from L. cymbulifera collected near Zhongdian city, and was purified as reported [2] . Compounds 2 and 3 were obtained from rhizome of Petasites japonicus var. giganteus [15] , as described previously [12] . Compound 2 was found widely in the Ligularia species of the Hengduan mountains [4] [5] [6] [7] . Nonsubstituted furan (4) was also used as a substrate.
Aqueous solutions of 1-3 were treated with pyridoxal-5'-phosphate (5), which is the bioactive form of pyridoxal and is soluble in water as zwitterion 5a. When 1 and 5 were mixed in water at room temperature, the reaction took place, giving tetraene 6 within 3.5 h (54% yield) (Scheme 1, and (7) a .
-
All reactions were carried out at room temperature in water.
(δ 5.52 and 5.62 (2H)). The geometry of the doublebond between C(12) and the pyridoxal moiety was deduced from the chemical shift of the olefinic hydrogen. Under the same conditions, 2 reacted slowly to give a complex mixture after 2 days (Entry 2). In contrast, no reaction proceeded at all from either 3 or 4 (Entries 3 and 4).
The reaction of 1 was also studied using pyridoxal hydrochloride (7). Compound 7 is available as hemiacetal, and thus the reaction is expected to proceed slowly. When an aqueous methanol solution of 1 was treated with 7, the reaction occurred without catalyst, affording 8 in 33% yield (Entry 5) (Scheme 2). The structure of 8 was determined by spectral data as follows. The mass spectrum (m/z = 416) indicated that the compound is a coupling product. The presence of pairs of signals in its 1 H and 13 C NMR spectra indicated that the compound consisted of two isomers in a 2:1 ratio. All the protons and the carbons of 1, except for the furan moiety and the aldehyde in pyridoxal, were also observed in 8. In place of the lost signals, a set of geminal protons due to a methylene group adjacent to an aromatic ring were observed (δ 2.67 and 3.08 for the major isomer). The stereochemistry of the major isomer 8a was determined by NOESY, as shown in Figure 1 . The minor isomer 8b was determined to be a C(12)-epimer, because NOE was also observed between C(6β)-H and the methoxy group.
The reaction of 1 with either pyridoxal (7) or its phosphate (5) is considered to proceed via a FriedelCrafts type reaction, as in the case of Ehrlich's reaction [12] . The reaction was presumably accelerated by π−π stacking of the two aromatic rings, the pyridinium ring and the furan ring, as well as hydrogen-bonding between the hydroxy group at C-10 and the pyridinium proton ( Figure 2) . The low reactivity of 3 and 4 can be rationalized by the absence of a hydrogen-bond. The aldehyde group in pyridoxal is likely to be activated by the adjacent phenolic proton. The difference in products (6 or 8) is the result of the difference in solvent and the presence/absence of a nucleophilic hydroxymethyl group in the pyridoxal moiety.
Then, in order to evaluate the effect of the hydrogenbonding, the reaction was carried out under basic conditions. When an excess amount of aqueous K 2 CO 3 was added to the reaction of 1 and 5, the reaction did not occur at all (Table 1 , Entry 6), whereas the occurrence of the reaction was detected on TLC after addition of 1 equivalent of K 2 CO 3 (Entry 7). Under the latter conditions, 5 was converted to the salt 5b, which still has both the phenolic proton and the pyridinium proton to form hydrogen-bonding, while the pyridinum proton was absent under the former conditions.
In conclusion, furanoeremophilan-10β-ol (1), the major constituent of L. cymbulifera, reacted with either pyridoxal or its phosphate to afford condensation products. Since the reaction took place at room temperature in aqueous solution, the same reaction is expected to occur in nature. However, the present reaction is not considered to be a universal characteristic of the furanoeremophilanes, because compound 3 did not react. Pyridoxal reacts with lysine to form a Shiff-base with enzymes involved in amino acid metabolism. The present results suggest that such enzymes will not work after reaction with 1. The production of 1 is likely to be one of the factors which lead the ecological predominance of L. cymbulifera in the Zhongdian area.
Experimental
General procedure: Melting points were measured on a Laboratory Devices Mel-Temp apparatus. IR spectra were recorded on a Jasco FT/IR-230 spectrometer. Both 1 H and 13 C NMR spectra were measured on a Jeol GSX-400 (400 MHz for 1 H; 100 MHz for 13 C) spectrometer. Chemical shifts were recorded on the δ scale (ppm) with tetramethylsilane as an internal standard, unless otherwise noted. Both low-resolution mass spectra (LRMS) and highresolution mass spectra (HRMS) were obtained on a Jeol JMS-700 MStation. Analytical TLC was conducted on precoated TLC plates (Kieselgel 60 F254, layer thickness 0.2 mm). Wakogel C-200 was used for column chromatography.
Materials:
Compound 1 was isolated from roots of L. cymbulifera. Compounds 2 and 3 were isolated from the AcOEt extract of Petasites japonicus var. giganteus (Compositae) collected in Nagano Prefecture, Japan. See our previous reports for the isolation procedure [2, 12] .
Compound 6 (reaction of 1 and 5): Compound 1 (17.4 mg, 0.074 mmol) was dissolved in H 2 O (10 mL). Pyridoxal-5'-phosphate (5; 24.5 mg, 0.093 mmol) was added, and the resultant solution was stirred at room temperature for 3.5 h. MeCN was added and the mixture was allowed to stand at room temperature for 2 days to yield yellow crystals, which were collected by filtration to afford 6 (17.9 mg). Compound 8 (reaction of 1 and 7): Compound 1 (17.4 mg, 0.074 mmol) was dissolved in a mixture of MeOH (2 mL) and H 2 O (4 mL). Pyridoxal hydrochloride (7; 19.1 mg, 0.094 mmol) was added, and the resultant solution was stirred at room temperature for 24 h. Saturated NaCl aq was added, and the mixture was extracted several times with CH 2 Cl 2 . The organic layer was dried over Na 2 SO 4 , and the solvent was evaporated to afford an oily residue, which was subjected to silica-gel (Wakogel C-200, 15 g) column chromatography. Fractions eluted with MeOH were combined, and were purified by HPLC (column: Gasukuro-kogyo Inertosil PREP-ODS 20.0 mm × 250 mm, solvent: MeOH) to afford 8 (10.0 mg). 
